National Aeronautics and Space Administration

Academy Sharing Knowledge

Sk

The NASA Source for Project Management and Engineering Excellence | APPEL SPRING | 2010




Photo Credit: Image Science and Analysis Laboratory,

NASA Johnson Space Center/Donald Pettit

ON THE COVER

This space-station view of Los Angeles was taken by Astronaut Donald Pettit, who
lived aboard the International Space Station for five and a half months. The city is
defined by yellow-orange, sodium-vapor-lit streets in north—south, east-west grids.
In between the main streets it is relatively dark due to the design of street lighting
that minimizes stray light. Geographic features of coastlines and mountains remain
dark. At the edge of town, the lights abruptly fade into the surrounding desert.
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In This Issue

At the NASA Project Management Challenge in Galveston,
Texas, this past February, Jean-Jacques Dordain, director
general of the European Space Agency, predicted that global
collaboration will define future space exploration. Only a
joint effort can tackle the immense technical and economic
challenges of extending our reach in space. Part of Dordain’s
speech appears in this issue of ASK (“Space Exploration
in the 21st Century”), and other articles here deal directly
with international cooperation or with the related issues of
broadening the search for critical expertise and building
the trust and understanding diverse teams need to work
together successfully.

In the interview, Wiliam Gerstenmaier reflects on the
development of the International Space Station, the premier
example of multination collaboration in space. He talks about
the long working relationship that has made it possible for
the United States and Russia to cooperate effectively in
times of crisis and of the value of partners taking different
approaches to the same technical challenge. These different
ways of looking at a problem help create the “requisite
variety” that Laurence Prusak identifies as essential to a
robust organization or project in “The Knowledge Notebook.”
Prusak argues strenuously against “going it alone.” He says
that organizations can thrive in this complex, changing world
only by welcoming knowledge from many sources.

Ed Hoffman’s “From the APPEL Director” column brings
together the themes of international cooperation and trends
in project management. He emphasizes the importance of
cognitive, cultural, and geographic diversity in carrying out
demanding projects. NASA’s Astrobiology Institute (“Are We
Alone?”) is an outstanding example. The study of potential
extraterrestrial life necessarily involves many scientific
disciplines. The institute uses cross-training classes,
face-to-face conferences, strategic-planning workshops,
and videoconferencing technology to support worldwide
astrobiology collaboration and provides grants to help
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educate the next generation of astrobiologists. The challenge
in creating the kinds of teams that Hoffman describes, and
the astrobiology work exemplifies, is to develop teams
that have enough cohesion to work well together without
undermining the diversity of perspective and experience that
makes them creative and flexible.

In “Petrobras and the Power of Stories,” Alexandre
Korowajczuk and Andrea Coelho Farias Almeida look at the
issue of creating cohesion and sharing rich knowledge from
a somewhat different angle. The Brazilian energy company is
carrying out a major storytelling initiative to teach thousands
of new employees about the organization’s values and
culture as well as the real-life expertise needed to carry out
the company’s operations. Hearing the stories—usually in
the presence of veterans who lived them—communicates
subtle knowledge that could never be conveyed through
manuals or memos.

One way NASA has sought new ideas from diverse
sources in recent years is by sponsoring the Centennial
Challenges program, which offers an open invitation to
individuals and groups to undertake technical challenges
ranging from designing a better spacesuit glove to building
a robotic lunar-soil excavator (“Open-Door Innovation,”
by Andrew Petro). Even the entries that do not win prizes
sometimes demonstrate surprising, potentially valuable
new technologies. Many of the competitions—the glove
and excavator, and the lunar lander and power-beaming
challenges—are inspiring new ideas that will undoubtedly
contribute to future space exploration.

Don Cohen
Managing Editor
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From the APPEL Director

Project Management Trends and Future Reality

BY ED HOFFMAN

Space exploration has always

been NASA’s first
international mission dates back
nearly fifty years, and the agency
has had more than three thousand
agreements with over one hundred
countries in its history. What has
changed is the complexity of our
projects, our partners’ capabilities, and the number of spacefaring
nations. How we work together has also evolved. Over the
past year, as | reviewed current project management thinking
with colleagues at NASA and around the world, five themes
kept surfacing: team diversity, virtual work, sustainability,
innovation, and portfolio management.

Team diversity—cognitive, cultural, and geographic—
has increased as projects become more complex, technically
challenging, and global. Cognitive diversity refers to varying
perspectives based on expertise, education, experience, age,
training, and professional background. Cultural diversity
manifests itself through different languages as well as less
obvious elements including goals, politics, budgets, and national
security concerns. Geographic diversity continues to grow as
projects involve multiple partners from government, industry,
academia, and nonprofit organizations.

Virtual work attracts talent and facilitates relationships that
might otherwise be unavailable. Companies like IBM, Procter
and Gamble, and AT&T have partially or fully eliminated
traditional offices. NASA and IBM host meetings on “islands” in
Second Life. Project managers are still trying to understand ways
to remedy challenges like isolation, performance measurement,
and the blurry line between work and personal life, but virtual
work is here to stay.

More than a synonym for “environmentally friendly,”
sustainability includes principles and practices that enable mission
success and long-term societal health and progress. Sustainability
is a systems-thinking challenge; it tackles questions of life-cycle

international.

impact, which can extend far beyond the duration of a project. To
help address this challenge, NASA held its first Green Engineering
Masters Forum in 2009.

Innovation in products and processes is a constant in the
world of complex projects, shifting demographics, public—private
collaboration, and the need for more sustainable practices.
Projects demand adaptive thinking to adjust to changing
requirements, budgets, and resources. Technology development
is also essential.

Managing one project successfully is not enough. The
larger challenge is managing a portfolio of programs and
projects. NASA’s mission directorates function as its portfolio
management organizations. Portfolio management will continue
to increase in importance.

Complex international projects shape the context for these
trends. For me, the highlight of PM Challenge 2010 was the
first-ever international track, which explored the international
dimensions of NASA’s missions. The day after that meeting, I met
with counterparts from other space agencies and representatives
of organizations, including the Project Management Institute and
the International Astronautical Federation (IAF), to share ideas
about professional development and explore avenues for future
collaborations. There was strong agreement about the potential
benefits of finding more ways to work together. Many colleagues
expressed interest in establishing an International Project
Management Committee under the auspices of the IAF.

One thing seems clear: in the years ahead, the trend
toward greater collaboration in space exploration will continue.
Getting into space is expensive, and no single organization has
all the answers. European Space Agency Director General Jean-
Jacques Dordain summed up the imperative for international
collaboration in his address at the PM Challenge. “There is
no alternative,” he said. “We shall have to invent the future
together.”
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NASA’s Orbiting Carbon Observatory and its Taurus
booster lift off from Vandenberg Air Force Base.
A contingency was declared a few minutes later.
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The Orbiting Carbon Observatory on the launchpad
at Vandenberg Air Force Base in California.

Photo Credit: NASA/Randy Beaudoin

On February 24, 2009, a Taurus XL launch vehicle carrying the Orbiting Carbon Observatory
satellite lifted off from Vandenberg Air Force Base in California. The satellite was designed to
measure atmospheric carbon dioxide to provide precise information about human and natural

carbon-emission sources. The spacecraft failed to reach orbit and instead plunged into the ocean

near Antarctica.

The likely source of that failure quickly became apparent: the
fairing—the clamshell-shaped cover that protects the satellite
during the early stages of the flight—had not separated as
expected from the upper stage of the Taurus XL, and the extra
mass of the still-attached component prevented the launch
vehicle from reaching orbital altitude and speed. But the reason
for that malfunction was far from clear.

The day after the accident, I was asked to lead the Mishap
Investigation Board (MIB) that would try to understand why
the fairing failed to separate and recommend design and process
improvements to prevent similar problems in the future. NASA
Headquarters challenged the board to get from day one to a
final report in sixty days—a dramatically shorter span than
most past mishap investigations. We did it in eighty-four days,
which is still remarkably fast given the amount of work that
needed to be done.

The MIB Team

Most of the credit for that efficiency goes to our down-to-earth,
focused, dedicated team members, who often worked literally
seven days a week. Some other important factors contributed.
One was my decision to keep the team as small as possible,
given our managerial and technical needs. There were fifteen
of us, six board members and seven advisors—consisting of
technical experts, legal, public affairs, external relations—plus

two consultants we brought in toward the end of the process to
deal with specific technical issues.

We also worked hard to be in close and constant contact.
Team members from various locations got together at Goddard
Space Flight Center to start the process, and we met frequently
in person at Goddard and other sites during the whole course
of our investigation. All in all, members met for fifty days at
Goddard and twenty-five days elsewhere. In addition, we had
daily “tag-ups” and other teleconferences to share information
and ideas. A central online repository of documents helped us
work together over the distances among our locations.

We were further helped by the openness of Orbital Sciences
Corporation, the supplier of the Taurus launch vehicle, and the
Kennedy Space Center Launch Services Program. They shared
information from their own investigations and cooperated fully
with ours. They were as determined as we were to discover and
correct the cause of the failure.

Looking for the Root Cause

Our job was to try to discover both the intermediate cause or
causes of the fairing separation malfunction—the particular
component or components that failed to function as expected—
and the rooz cause of those failures: the organizational behaviors,
conditions, or practices that ultimately led to the production
and acceptance of what proved to be faulty mechanisms. If you



Inside Building 1032 at Vandenberg Air Force Base, technicians install
the Orbiting Carbon Observatory spacecraft inside the payload fairing.

Photo Credit: NASA

find and fix the intermediate, technical problems but ignore
the underlying sources of those problems, they are likely to
persist and lead to other failures, so identifying the root cause
is important.

In the first three weeks, we conducted more than seventy
interviews to collect as much data and information about the
mishap as possible. Then we used NASA’s Root-Cause Analysis
tool to look for that fundamental cause. I admit to starting out
with some skepticism about the tool, which requires adherence
to demanding, detailed analytical processes. Having worked
as an engineer earlier in my NASA career, | have always been
concerned that some formal processes supposedly designed to
support the work may actually get in the way of developing the
product. Inactual fact, though, what initially looked like a process
that might be too rigid turned out to be usefully rigorous. Had
we not gone through all the steps required by the Root-Cause
Analysis tool, we could easily have missed possible contributors
to the launch failure. In situations as complex and ambiguous as
this one, relying on an informal sense of where the fault probably
lies just doesn’t work. We ultimately offered a few suggestions
for improving the tool, but they were ways to make it more user
friendly; in general, it proved its power and usefulness.

Using root-cause analysis, we ended up with a fault tree that
had 133 branches—133 factors we needed to evaluate with the
tool. That process eliminated 129 of them, leaving four possible
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causes of the fairing-separation failure. Although some of those
four seemed more qualitatively likely than others, none could
be ruled out.

Chief among the reasons that we were not able to identify
the cause was that we didn’t have access to the failed hardware
that probably would have given a definitive answer. It was at
the bottom of the ocean near Antarctica. Not having that clear
answer, we were not able to determine a root cause either.

... WHAT INITIALLY LOOKED LIKE A
PROCESS THAT MIGHT BE TOO RIGID
TURNED OUT TO BE USEFULLY RIGOROUS.

The MIB Report

Our report detailed the four factors that could not be
discounted as possible intermediate causes of the mishap.
Along with our description of these possible causes, we offered
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recommendations for how to ensure that they would not pose a
risk on future missions. Briefly, these are the possible causes the
board identified and our recommendations for improvement.

Frangible-joint base ring may not have fractured

as required.

An incomplete fracture of the frangible-joint base ring that
holds the fairing halves together and attaches them to the upper
stage of the rocket could have prevented fairing separation. We
could not discount this possibility because Orbital Sciences
did not have complete information on the characteristics of
the aluminum used in this component. We recommended that
future aluminum extrusions for this component have a traceable
“pedigree” to aluminum lots that have been appropriately and
thoroughly tested.

Electrical subsystem may have failed.

The responsible subsystem might not have supplied enough
electricity to fire the explosive devices that released the fairing.
This remained a possibility because telemetry sent from the
launch vehicle was not designed to measure and report the
amount of current needed. We recommended changing the
telemetry so that it would provide this information.

Pneumatic system may not have provided enough
pressure to separate fairing.

We could not prove that the pneumatic system—a hot-gas
generator, thrusters, and pneumatic tubing—supplied enough
pressure to separate the fairings. We recommended design
modifications and improved testing of the hot-gas generator
system design to provide pressure to the thruster. If those
changes prove impractical or impossible, we recommended
using an alternate system.

Flexible, confined detonating cord could have snagged
on part of frangible joint.
This seemed an unlikely failure cause, but we could not rule it out.
We recommended rerouting the cord or adding a physical barrier
if further analysis and testing could not eliminate the possibility.
In the days since we presented our report, continuing
efforts of the Kennedy Launch Services Program and Orbital
Sciences have shown that electrical system malfunction and

detonating cord snagging were not contributing factors to the
failure. The specific recommendations made by the MIB are
being incorporated to ensure that these potential failure modes
are prevented in the future.

A Valuable Investigation

All the skill and hard work of the board members and the many
others who helped us did not get us to the clear-cut intermediate
and root causes we had hoped to find. Instead, we “surrounded”
the actual cause by identifying multiple possibilities. A few
people have suggested this means that the Orbiting Carbon
Observatory MIB “failed.” I don’t agree. The detailed and
extensive testing and analysis that allowed us to identify the
four potential intermediate causes should go a long way toward
ensuring that the fairing problem will not recur. And our
recommendations, although they do not get at a definitive root
cause, do speak to small but meaningful shortfalls in testing,
inspection, quality control, and manufacturing that will help
guide the recovery activities.

One general conclusion that our work supports is the
importance of rigorously adhering to the procedures designed
to eliminate and minimize as much risk as possible. This
is especially true when the project team has only sporadic
experience with a particular vehicle, as was the case with the
Taurus XL used to launch the Orbiting Carbon Observatory
satellite. Only eight Taurus rockets have been launched, with
typically several years separating launches. Many of the people
involved with launching the Orbiting Carbon Observatory
had little or no experience with this launch vehicle. The less
often you launch, the more attention you should pay to the
formal procedures that embody much of the information
and knowledge past practitioners have acquired about how to
launch successfully.

has worked at NASA for more than forty
years in positions ranging from discipline engineer to project
manager five times, to director of engineering, to director of flight
projects. He is currently the deputy center director at Goddard
Space Flight Center.



INSIGHT | ASK MAGAZINE | 9

Space Exploration in the 21st Century:
Global Opportunities and Challenges

BY JEAN-JACQUES DORDAIN

Forty years after the first landing on the moon by two American astronauts, the significance of that
historical step of human exploration is very different from what it was at that time. Then, it was a
clear demonstration of the supremacy of U.S. technology over the world, and a symbol of the U.S.
identity. Forty years later, it is not anymore a matter of the moon and the United States, but rather of
planet Earth and humankind; twenty-seven astronauts have seen planet Earth as a small and fragile
golf ball floating in the universe and, as a result, helped develop the understanding that our future
can only be global.
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Thanks to that first landing on the moon, we have witnessed
two paradigm shifts. The first is about the objective, which
has shifted from space to planet Earth. The compelling urge of
man to explore and discover is not enough to justify engaging
in long-term exploration. There is a need, at least in Europe—
it may be different in other societies—to identify benefits of
space exploration able to generate a resilient political and
public support, which is a condition for space exploration to
be sustainable over the years. The benefits must be measurable
on Earth: economic growth, technological innovation, scientific
information, international cooperation, education, all of which
can contribute to solving problems here. Exploration addresses
the future of planet Earth.

The second paradigm shift is about the process, which
has moved from competition to cooperation. We have started
with one flag on the moon, then two flags for the Apollo Soyuz
mission, then four with Space Station Freedom, and now five
flags for the International Space Station (ISS). The cooperative
process may be much slower than the competitive race, but it is
also much more robust and sustainable.

Future space exploration can indeed only be global, and it will
require us to assemble the nations that explored individually in the
past to explore collectively in the future. This is not easy. It will be
the most difficult part of exploration, much more difficult than
any required technological development, but it is necessary. There
is no alternative. We shall have to invent the future together.

Because it will not be easy, we will have to go there in steps.
I see three major steps: make the utilization of the ISS a success
for exploration, develop robotic exploration plans, and define a
human exploration scenario.

Make ISS Utilization a Success
The recent decision taken by President Obama to extend the
operation of ISS to 2020 and beyond is very good news for all
partners. As NASA Administrator Charlie Bolden has said, we
were waiting for that decision and even asking for that decision.
These next ten years are necessary to make ISS utilization a
success, to demonstrate to the public and governments that they
were right to invest in it. Also, we need time to reap the benefits,

be it for science, for technologies, or for new partnerships. As I
said to the Augustine Committee, we shall not build exploration
on the failure of the ISS. So our first priority shall be to ensure
the success of ISS.

These next ten years will provide time and perspective to
improve the ISS and make it a concrete step toward exploration. The
decision not only represents five additional years of exploitation,
it also provides a perspective long enough for all partners to think
about new ideas, new approaches, and new hardware. The two
questions we should now ask ourselves are how to increase the
benefits of the ISS, and how to decrease the costs of using it.

How can we increase the benefits of the ISS? These are
some of the possibilities:

* Increasing capabilities, not by adding new labs, but by
reducing bottlenecks such as storage, communications, or
download;

* Extending the range of scientific utilization toward new
fields such as Earth observation, monitoring of natural
disasters, climate change;

* Improving operations, for instance through a common
transportation policy or a common operations policy—
that is, defining common interfaces between each
htpartner’s elements;

* Testing new systems and technologies, for instance in the
fields of life support or resources recycling;

* Extending the partnership to other partners, on
conditions to be defined. To be sustainable, the space
station partnership cannot be closed.

How can we decrease the costs of ISS utilization?

The objective is to decrease the costs of production and
operations in order to rebalance development and production
activities. The use of commercial services is one interesting
track—not the only one, but a track that requires the space
agencies to think and to adapt.

My biggest fear as the director general of the European Space
Agency (ESA) is that ESA could become a dinosaur, no longer
adapted to its environment. We have to change, continuously.
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FUTURE SPACE EXPLORATION CAN INDEED ONLY BE GLOBAL, AND IT WILL REQUIRE US
TO ASSEMBLE THE NATIONS THAT EXPLORED INDIVIDUALLY IN THE PAST TO EXPLORE
COLLECTIVELY IN THE FUTURE.

This is not easy, in particular because we are a successful agency,
and it is easy to keep doing what has made us successful. But the
future will not be made with the recipes of the past.

Commercial services may indeed be one way. We have
already experienced that in Europe, by creating the commercial
operator Arianespace for launch services, but that was thirty
years ago. Reflections are ongoing to see how we can adapt this
scenario for the future.

We should not forget, however, that the customer for
the ISS and exploration is and will remain governments, not
private organizations. I refuse the much too simple statement
that agencies are expensive and industry is cheap. The reality is
as usual much more complex: agencies work under substantial
constraints imposed by their governments, such as distribution
of activities, but agencies can also be cheaper, and we in ESA shall
work together with the other agencies to reduce significantly
utilization costs. Agencies cannot do without industry, but
industry also cannot do without agencies.

Any progress made for the utilization of the ISS will be a
progress made for exploration. The ISS will be valued also by its
capacity to support exploration.

The space station is the first step in human exploration
beyond low-Earth orbit!

Develop Robotic Exploration Plans

Last year, ESA and NASA made a significant step by taking a
joint initiative for a systematic robotic exploration of Mars; we
have decided to use every opportunity to go to Mars together,
and we have already defined joint missions that will be launched
in 2016 and 2018. The ultimate goal is a joint Mars sample
return in the mid-2020s. There, also, the partnership is not
closed and must be open to other partners.

Beyond this Mars robotic exploration plan, other robotic
missions should be planned as precursors to human exploration,
around or on the surface of other destinations such as the moon
or asteroids. Such missions should provide detailed information
on the topography and geochemical properties of the surface
of these destinations, and allow the testing of possibilities and
techniques for “living off the land.”

A major interest of robotic investigation is to involve
industrial expertise outside the traditional space industry and,
therefore, to widen the base of stakeholders and increase the
synergy between space-bound and Earth-bound interests.

Define a Human Space Exploration Scenario

As Administrator Bolden has noted, there is no common vision
among international partners about a human space-exploration
scenario beyond the exploitation of the ISS. The U.S.
Constellation program is being terminated, though the United
States remains committed to explore beyond low-Earth orbit.
In Europe we are currently reflecting on our future human-
exploration plans. Other partners may have plans, but they are
individual plans rather than a contribution to a global scenario.

A global exploration strategy has been developed by fourteen
space agencies, including ESA. But this global exploration
strategy has not been addressed at a political level and does not
represent a political strategy shared by an enlarged community
of international partners.

A high-level political forum, including current partners as
well as potential new partners of the ISS, should be set up with
the objectives of developing a common vision for exploration. At
the space-agency level, we can develop a common architecture
for human space exploration. But we can’t develop the political
vision. We are waiting for someone to take the initiative.

Which partner in the world has the willingness and credibility
to propose such a political forum? I am convinced that the United
States is the best suited to take such an initiative ... but when?

As the French author and aviator SaintExupéry said,
... the question about the future is not to predict it, but to
make it possible.” So let us work together to make it possible.

¢

is the director general of the
European Space Agency.
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An image of a nebula is displayed
on a hyperwall at the California
Institute for Telecommunications
and Information Technology.

Photo Credit: Lockheed Martin/Estelle Dodson
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Answering
This Question

Is Not a
Lone Venture

BY WENDY DOLCI, ED GOOLISH, AND CARL PILCHER

How does life begin and evolve? Is there life
elsewhere in the universe? What is the future
of life on Earth and beyond? The NASA
Astrobiology Institute (NAI) was founded in
1998 as part of NASA’s long-term quest to explore
these fundamental questions. The NALI is one of

four elements of NASA’s Astrobiology Program,

which has its roots in the agency’s Exobiology
Program established in 1960.
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The field of astrobiology developed rapidly during the
mid-1990s as several threads of scientific investigation came
together. Scientists were recognizing the great diversity of life
on Earth and life’s ability to survive in extreme conditions. At
the same time, the diversity of solar-system environments and
their potential to harbor life were increasingly understood, and
extrasolar planets were first detected. The NAI was born amid
this convergence of discoveries and new ideas.

Capitalizing on advances in information technology that
had begun to make remote collaboration practical, the NAI
was designed as a nontraditional “institute without walls”
with researchers distributed across the United States. Currently,
fourteen interdisciplinary teams—encompassing about six
hundred researchers at more than one hundred institutions—
compose the core of the Institute. The teams work under
competitively awarded cooperative agreements with five-year
terms. A small management office at Ames Research Center
administers the Institute and provides leadership to make the
whole more than the sum of its parts.

Although basic and applied research in astrobiology is the
Institute’s first priority, NASA also envisioned that the NAI would
test a new paradigm in science management, bringing scientists
together across disciplinary, geographic, and organizational
boundaries. The institute is further charged with playing a
leading role in shaping space missions, making innovative
use of information technologies, nourishing public interest in
astrobiology through a strong education and outreach program,
and training new generations of astrobiologists. This broad
charter is a distinguishing characteristic of the NAI that puts the
Institute and its science teams front and center in cultivating the

field of astrobiology.

Creating a community of scientists with diverse backgrounds is a
multifaceted process. Astrobiology requires collaboration between

This artist’s concept illustrates the connection between life
and space exploration, both of which are key for astrobiology.

researchers from the geo-, bio-, astro-, and other sciences. Of
course, this expertise is not limited to one or even a few nations.
With the founding of the NAI, NASA’s long-term commitment
to astrobiology catalyzed a global astrobiology community.
Partnership with the NAI lent weight to the establishment of
organizations abroad such as the Centro de Astrobiologfa in Spain
and the Australian Centre for Astrobiology. The NAI maintains
these early partnerships and today also has partnerships with
astrobiology organizations in Britain, France, and Russia as well
as with the European Astrobiology Network Association.

The NAI links national and global networks of astrobiologists
through technology and a range of activities and funded
programs. The Institute funds workshops and conference
sessions, and it designed and operates the Astrobiology Program
Web site for NASA Headquarters. It brings program news and
activities together in one place online. Broad participation in NAI
science is made possible through programs such as the Director’s
Discretionary Fund, which awards small grants each year for
seeding new ideas; a Minority Institution Research Support
program; and NAI focus groups that advance specific topics of
community interest.

Addressing the questions of astrobiology will take a sustained
effort over generations. Current scientific investigations and space
missions will, in many cases, be brought to fruition by today’s
students. Recognizing that students need a stable environment
to thrive, the NAI actively supports a growing network of early-
career researchers in astrobiology. A key example is the NAI
Postdoctoral Fellowship Program that has funded fifty-four
postdoctoral fellows to date, with many of the earliest NAI
fellows now in faculty positions and advising a new generation.
An additional five hundred or so postdocs have been supported
directly by NAT teams.

A critical aspect of training the next generation of
astrobiologists is preserving continuity in the face of budget
fluctuations and turnover in grants. When astrobiology budget
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THE VIRTUAL
PLANETARY LAB

How do you get fifty-five scientists
with diverse science backgrounds
from five countries and twenty-three
organizations to work together? By
posing questions that are so big that
they force interdisciplinary collaboration,
says Vikki Meadows, head of the NAl's
Virtual Planetary Lab (VPL) team at the
University of Washington. The major
question that drives Vikki and her team
is this: Were we to find a rocky world
orbiting another star, how would we
know if that planet could or did support
life? To help answer this question,
the VPL team constructs models
that simulate the planet’s interaction
with its parent star, and the resulting
environments and spectral signatures of
Earth-like planets. These models help
From Competitors to Collaborators us understand what “the fingerprints” of
life look like—so that we might recognize
life on distant planets when we see it.

The VPL team draws together scientists
from more than fifteen disciplines,

from biometeorologists to stellar
spectroscopists—there is some truth

to the inside joke that “it takes a planet
to model a planet.” Team members live
across the United States and in a handful
of other countries, including Australia,
Mexico, and France. They use a mix

of videoconferences, teleconferences,
Web sites, and online meeting tools
and workspaces for communication
and remote interactions. In-person
meetings also play an important role.

Developing a large team that works
well together takes time. The five-

year duration of NAI grants (and VPLs
selection in two separate competitions)
has provided time for the team to gel and
produce truly interdisciplinary research,
and to attract and support a cadre

of young researchers launching their
astrobiology careers. The distributed
nature of the team has encouraged

its members to stay involved over the
long term. Colleagues who no longer
have a formal role still connect from
far-flung places for team meetings

and contribute to VPL research.
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remotely made a great diversity of participants and increased
interactions possible.

Bringing people from different disciplines together is
not all that’s required. Having a common language and a
common understanding of multiple fields are key to working
on interdisciplinary teams. The NAI has experimented with
various ways to share knowledge across disciplinary boundaries.
“Primer sessions”—an astronomy class for biolo